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ABSTRACT

Seismological data collected in the north-western part of
Greece, for a period of two months, during the summer of 1989,
are presented and analyzed in order to discuss the seismotectonic
regime in Kefallinia-Lefkas Ionian islands. The distribution of
the epicenters is located between 0 and 40 km and mainly
concentrated in three clusters: two in the northern part of
Kefallinia and one in the western part of Lefkas. In the northern
part of Xefallinia, the two observed clusters are separated by
a ’‘gap’ of about 3 km. The focal mechanisms constrained for the
first cluster, represent two completely different solutions:
normal or reverse faults. Both cases could be related to the
large earthquakes occurred in the surrounding area. The second
cluster represents more homogeneous reverse fault plane solutions
with a right lateral motion. The third cluster in western Lefkas
represents also homogeneous reverse fault plane solutions with
a right lateral motion.
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ONEPIAMAMHYH

To naionaipt Touv 1989, ota mAaiocLa €peLVNTLMOY TPOYPEAUUATOG
Tng EOK maL pHe 1T ouvvepyaoia Twv TwavemioTtnuiwv A6f{vacg,
Qegoaiovinng nat Iupevdumr (Caiiiag),€va geiloporoyixnd &iutuvo 56
orabudv eynataocTdbnne aTnv TMepLoXh Tne Bdpeiag maL  ALTLHAG
EXAGBag yLa €va xpoviud Sidotnua &0o unvév, TpomelpEvou V&
pereTnBel n CelouLHSTNTH TNG MEPLOXNG ALTHG.

ZTn HEAETN QUTH TAPOULCLACOVTUL TA AMOTEAECUATX TNG OJELOUO-—
Tentovinig avdivong Tng TepLoxne Kegaiinviag-heumddag. H
CELOULHSTNTA TNG MePLoxNg xapantnpidetal and Tpelg opddeg. OL dvo
ané auteg mpoodLoploTnuayv oto Bépeto THiHa Tng Kegpaiinviag pe €va
gelopLnd nevd, Tng TAENG Ttwv 3 XAH. HETREO TOoLG. H Matavopr twv
vtonévtpwy noupaivetal and 0 £wg 20 xAp. ZTnv Tpwtn opdda ot
unxaviopol yeveong umopolv va ddoouv &lo diagopetinég Avoelg,
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avdoTpogwy 1 MavoviHKy pnypdTwv, v otn SedTtepn oL punxaviopol
glvar avdotpogolL e defiLdotpopn opLldvtia oiiobnon. TElog, n
Tpitn opdda mpoodbiopioTnre oTo BLTLMS TUNPa Tng Nevnddag, JdmouL
N MATOVOPRR TwVv LTOMEVTPWY HvpalveTtal petafy 0 nat 30 xAp. uar ot
unxeviopol yé€veong mapouciddovv avdoTpoges AVoelg pe Bef LdoTpoRn
opitdévTtiLa oii(cOnon.

INTRODUCTION

In the summer of 1989, a dense network of 54 portable
seismological instruments (smoked paper Sprengnether MEQ-800) and
two digital CEIS, equiped with 1lhz vertical geophones, was
installed in the northwestern part of Greece, Ionian islands,
Altoloacarnania and Epirus, to record the seismicity of the area
for a two month period, in order to interprete the stress field
of the area.

The network was deployed for an as possible sufficient
azimuthal coverage of the seismic area, in order to provide fair
hypocentral solutions and reliably determined individual focal
mechanisms (Hatzfeld et al., 1990). The smoked paper instruments
operated at 60mm/min, yielding a time reading precision of 0.2
and 0.5sec for P and S waves respectively. Bbout 1000 earthguakes
were recorded and located by using the HYPO71 routine (Lee and
Lahr 1975, Frechet and Glot 1986).

The geodynamics of the Ionian area is complicated as it is
situated between the collision and the subduction zones of the
European and the African lithospheric plates (Le Pichon and
Angelier 1979; Anderson and Jackson 1987; Jackson and McKenzie
1988} .

The high level of seismicity in northwestern Greece 1is
characterized by shallow large earthquakes (Papazachos and
Comninakis 1982; Makropoulos et al. 1989) with various fault
plane solutions (Anderson and Jackson 1987). The northwestern
part of this area is characterized by reverse or strike-slip
focal mechanisms, while the southern continental part by normal
focal mechanisms (McKenzie 1972; 1978; Papazachos et al. 1984;
Taymaz et al. 1991; King et al. 1993). East of the area, around
the gulf of Corinth, N-S extension dominates (McKenzie 1972;
Mercier et al. 1979; Jackson et al. 1982; Armijo et al. 1986).

METHOD AND ANALYSIS

In order to reduce the interposed errors and agquire the
relative and absolute uncertainties in the hypocentral solution
and the focal mechanisms’ construction, we proceeded with the
following: j

a. By using an initial velocity model (King et al. 1983) and
HYPO71, we distinguished and corrected the errors due to arrival
time readings and the instrument’s internal clock drifting.

b. We determined the value of Vp/Vs ratio, after applying
Chatelain’s method (1978). For pairs of stations (i,3), we
calculated the difference between the P~ and S-arrival times
(tpi-tpi) and (tsj-tsi). The ratio Vp/Vs=(tsj-tsi}/(tpj~tpi) and
the estimated wvalue 1is 1.812+0.006.
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c. To improve the velocity structure, we minimized the rms
value (root mean square travel-time residuals) for a group of
data with: rms<0.3sec, gap<180° minimum of 20 P- and S- recorded
phases. We chose this particular group of data in order to attain
a selsmicity representative sample both in location and depth.

Primarily, we located these events using a half-space
velocity structure, varying the P-waves’ velocity from 4.5 to 6.0
km/sec, while the Vp/Vs ratio was the estimated one, 1.81, in
order to determine the first layer velocity. In this case there
is a clear minimum in the mean rms at 5.6km/sec for P-waves’
velocity. For the second layer at a P-velocity value of 6.lkm/sec
at a depth of 15km and for the third at 40km depth for a
P-velocity of 7.1lkm/sec. Finally, a "sendimentary" layer down to
4km depth, with a P-velocity of 5.2km/sec, was added to prevent
the mislocation of a certain number of superficial events.

d. By using the above mentioned velocity model and the Vp/Vs
ratio of 1.81, we calculated the P and S travel-time residuals
with HYPO71.

S-wave recordings, by vertical component seismometers,
provide poor S-arrival times, thus, we reduced the weight of the
S waves by a factor of at least 2 in comparison to P-waves. P-
and S- phases were rejected when the absolute values of the
calculated residuals were found to be greater than 0.7 and l.0sec
respectively. Rejected were also the events having less than 5P-
and 1S- recorded phases and those with a minimum epicentral
distance greater than 50km. From the sum of the 1000 events
recorded, only 650 satisfied the above mentioned criteria.

SEISMICITY DISTRIBUTION

In figure 1, the location of the 650 microearthquakes
recorded during the two month observation period is shown. The
overall pattern of the seismic activity follows that of the large
events which occured in the area. The events are distributed in
dense clusters which are separated by low activity areas.

The northern part of the area shows a high seismicity level.
Further south, at the northern part of Amvrakikos Gulf, a low
seismicity level area appears. The seilsmic activity 1is also
observed at the eastern part of Amvrakikos Gulf, where the
clusters seem to be, in comparison to the northern part, more
separated from one another and concentrated in certain regions.
At the SW part, the seismicity appears less pronounced and more
concentrated around the Trichonis Lake. The seismicity arrives
at a high concentration level in the western part of the islands
of Kefallinia and Lefkada.

Deep seismic activity at the NW part of Peloponnesus is
observed mainly within the Zakynthos channel (between Zakynthos
and Peloponnesus). A remarkable well defined ’'aseismic area’ is
observed between the Ionian islands and the continental part of
Greece.

In the present work we attempt to investigate the seismic
activity in the areas of Lefkada and Kefallinia in order to
interpret the seismotectonic regime revealed. For this, we
computed 55 lower hemisphere fault plane solutions using P-wave
first motion polarities. The average azimuthal coverage is about
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180° for the area of the Tonian islands and so, unfortunately, in
some cases we have more than one solutions.
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Fig.l. Seismicity map of the area.

LEFKAS DISTRIBUTION

The epicentral distribution and the focal mechanisms of this
region are displayed in figure 2. The seismicity is located in
the western part of the island and the focal mechanisms indicate
reverse right-lateral strike-slip faults with sub-vertical
planes. In addition, two normal faults with a strike-slip motion
are observed in the western maritime part of the area, near the
2000 m. bathymetric contour. The reverse mechanisms generally
display P-axis trending EW and T-axis trending NS.
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Fig.2. Map of Lefkas island with topographic (600m), bathymetric
(600, 1000, 2000, 3000m) contours, epicenters and fault

plane solutions.
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Fig.3. Cross section across Lefkas island (N120°).

A cross section (N120°) perpendicular to the strike of the
topography is shown in figure 3. The maximum depth is 30 km with
a sub-vertical plane dipping towards the SE. This is in agreement
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with the SE dipping nodal plane of the reverse focal mechanism
and suggests NW-SE compression with a fault plane strike
variation from N20° to N40°.

KEFALLINIA DISTRIBUTION

The epicenters, plotted in figure 4 even though they are
spread over the entire area, form two well defined clusters in
the northern part of the island. The main cluster is located near
the village of Zola (called below Zola cluster) and the second
one further NE near the village of Assos {called Assos cluster
below). Between the two clusters a ’gap’ 1is observed over a
distance of about 3 km. Papadimitriou and Papazachos, 1985, show
that for a time period from 1963 to 1981 and for earthquakes for
M>4.5, seismic ‘gaps’ are observed at the northern and southern
part of Kefallinia island. In figure 4a, a cross section along
the two clusters (N30°), indicates shallow seismicity with a
maximum dapth of 20km.
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Fig.4. Seismicity map of Kefallinia island, with topographic
(600m), bathymetric (600, 1000, 2000m) contours and major
tectonic features.

In figures 5a and 5b the lower hemisphere focal mechanisms
are displayed. These two figures indicate a completely different
tectonic regime. In figure 5a, 41 reverse focal mechanisms are
presented, indicating compressive regime in the area. However,
three normal fault plane solutions exist on the central-eastern
part of the cluster. These different from the overall pattern
types of mechanisms, also observed in the Algeria 1980 (Yielding
et al. 1989) and Kalamata 1986 (Lyon Caen et al., 1988)
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earthquakes, were interpreted as a released post-seismic stress.

Figure 5b,

indicating an extensional regime.

Fig.4a. Cross section along
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Fig.5.
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Epicenters and reverse focal mecanisms
Kefallinia.

in north

(b) Epicenters and normal focal mechanisms in
north Kefallinia.
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Fig.6. (a) Cross section across Zola cluster (N70°), wusing
reverse focal mechanisms. (b) Cross section across Zola
cluster (N70°) using normal focal mechanisms.
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Fig.6. (c) Cross section across Zola cluster (N110°), using
reverse focal mechanisms. (d) Cross section across Zola
cluster (N110°) using normal focal mechanisms.
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In the case of Assos cluster, a single solution of reverse
focal mechanisms with a strike-slip component was possible.

Clarifying, we show five cross sections of the area (figqure
6). Figure 6a and 6b show the cross section of the Zola cluster
across the N70°% direction with the reverse and normal fault plane
solutions respectively. In the first «case (fig.6a), a
sub-vertical reverse fault plane striking N340° and dipping to
the SW could be defined. This direction could be in agreement
with the fault No2 (fig.4) proposed by Sorel (1976), but with an
antithetic dipping trend and seismicity located exclusively in
the downward part of the fault. In figure 6éb, the only way to
accept a normal fault solution, is by defining a vertical or a
sub-vertical plane with the NE as the downward part. The figures
6c and 6d display cross sections across the Zola cluster in the
N110° direction representing reverse and normal fault plane
solutions respectively, showing a reverse fault plane dipping to
the SE (fig.6c) and a NW dipping normal fault plane (fig.éd).

Finally, figure 6e shows a c¢ross section across Assos
cluster in the N 110° direction. In this case, a sub-vertical
plane dipping to the SE is defined.

DISCUSSION - CONCLUSIONS

The seismic activity in Lefkas island is characterized by
homogeneous reverse strike-slip faults located in a depth range
of 0-30 km. This cluster consists of a set of 8 homogeneous focal
mechanisms indicating a right-lateral strike-slip motion. The
seismicity seems to occur on the fault plane dipping to the SE.

The shallow seismic activity in Kefallinia island, is spread
over the entire area and is characterized by a set of
heterogeneous focal mechanisms. Sorel (1976) proposed four main
reverse faults in the area (fig.4). According to this assumption,
four senarios are likely to happen:

The first is that all faults are parallel to the fault No2
(fig. 4). In this case, the reverse fault defined by the Zola
cluster indicates antithetic reverse fault, referring to the
fault Noz2.

The second, is a normal fault parallel to the fault No2.
This configuration could be in agreement with the normal fault
plane solution of the large earthquake, which occured in the
western part of the island in 17-9-1972 (Mc Kenzie 1972; 1978;
Anderson and Jackson 1987).

The third, is a reverse fault plane which is the northern
part of the fault No3 (N20°). This assumption is in agreement
with the large earthquake which occured in 17-1-1983 (Scordilis
et al. 1985; Papadimitriou 1988; Kiratzi and Langston 1991). The
fourth, is a normal fault plane corresponding to the fault No3.
The first and the fourth senarios are not consistent with the
observed reverse fault (Sorel, 1976) dipping eastwards.

Considering the arguments mentioned above, we conclude that
the second or third senarios could be possibly adopted, which
means a normal fault striking N340° and dipping NE, or a reverse
fault striking N20° and dipping SE, in order to interpret the
revealed phenomena. However, more investigation in the specific
area is needed to clarify the role of the possibly existing
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normal faults in the area. A dense local seismic network could
help to determine more precicely the sress field of the area.
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Fig.6. (e) Cross section across Assos cluster (N10°)
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